Aeroacoustic source analysis in a corrugated flow pipe by Mattei, Pierre-Olivier et al.
Aeroacoustic source analysis in a corrugated flow pipe
Pierre-Olivier Mattei, Daniel Mazzoni, C Pinhe`de, M Amielh, F Anselmet, Y
Jiang, U Kristiansen
To cite this version:
Pierre-Olivier Mattei, Daniel Mazzoni, C Pinhe`de, M Amielh, F Anselmet, et al.. Aeroacoustic
source analysis in a corrugated flow pipe. Vibration Shocks and Noise (VISHNO) 2014, Jun
2014, Aix en Provence, France. <hal-01319129>
HAL Id: hal-01319129
https://hal.archives-ouvertes.fr/hal-01319129
Submitted on 20 May 2016
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
Aeroacoustic source analysis in a corrugated flow pipe 
 
P.O. Mattei4, D. Mazzoni4,2, C. Pinhède4 
M. Amielh1, F. Anselmet1,2, Y. Jiang3, U. Kristiansen3,  
1 - IRPHE, CNRS-AMU-ECM, 49 rue Joliot-Curie, BP 146, 13384 Marseille Cedex 13, 
France 
2 – ECM, 38 rue Joliot-Curie, 13451 Marseille Cedex 20, France 
3 - NTNU, Acoustic Research Centre, O. S. Bragstads plass 2A, 7034 Trondheim, Norway 
4 - LMA, CNRS-AMU-ECM, 31 chemin Joseph Aiguier, 13402 Marseille Cedex 20, France 
Corresponding author : anselmet@irphe.univ-mrs.fr 
 
Abstract 
This  study is focused on a phenomenon often encountered in flow carrying pipes, since 
flow instabilities caused by geometric features may generate acoustic signals and 
thereafter interact with these signals in such a way that powerful pure tones are 
produced. A modern example is found in the so-called “singing risers”, or the gas pipes 
connecting gas production platforms to the transport network. But the flow generated 
resonance in a fully corrugated circular pipe may be silenced by the addition of 
relatively low frequency flow oscillations induced by an acoustic generator. 
Experiments reported here, aimed at investigating in more detail the coupling between 
the flow in the pipe, the acoustically generated flow oscillations and the emitted 
resulting noise, are performed in a specifically designed facility 
 
Introduction 
Due to their flexibility and local stiffness, corrugated pipes are used in many engineering 
applications. It is known that if the pipes carry a flow of dry gas, whistling sounds associated 
with the pipes' length resonances may develop. This phenomenon is used positively in 
musical toys like the Hummer but represents a problem in engineering applications as high 
sound levels and associated structural vibrations may develop. A well-known example is the 
"singing riser" phenomenon observed on some natural gas installations in the North Sea. After 
starting singing a riser is generally damaged after 2 or 3 hours and then represent a major 
problem in gas and oil industry 
The aim of the present research is to study both the acoustic and aerodynamic fields within a 
corrugated pipe under singing conditions using both acoustical and optical means. A 
rectangular cross section pipe has been manufactured for this purpose. It is made by 
transparent Plexiglas, thereby allowing direct inspection of the aerodynamic field by a PIV 
(Particle Image Velocimetry) technique. We also wanted to investigate more fully a 
previously published finding, mainly that adding a strong signal at a frequency very much 
lower than the whistling frequency of the pipe, under some conditions, will quench the 
whistling. To obtain a high acoustic oscillation at a low frequency, a 17m long resonance tube 
is added to the system. The resonance tube can be excited by a set of loudspeakers to give the 
corrugated pipe a global oscillation around 14Hz 
The experimental facility under study is made of a low speed wind tunnel whose fan rotation 
speed ensures a flow velocity up to 25 m/s. The tunnel is connected to a corrugated 
rectangular pipe of 2 m length, prolonged by a loudspeaker made of two push-pull sub-
woofers itself ended by an open resonator of 17 m length whose resonance frequency is 
around 10 Hz. The rectangular riser is made of Plexiglas plates. The riser has lateral width 
D = 20mm, height B = 100mm and length L = 2 m. The lateral plates are machined in order to 
make a wall with a rectangular corrugation of pitch length Pt=20mm that is repeated all along 
the pipe.  
 
Results 
A low-frequency acoustic field (around 10 Hz) leads to a dramatic reduction of the riser 
whistling. During the mitigation, the very low frequency acoustic mitigation induces a flow 
speed modulation around mean velocity. This modulation dramatically changes the nature of 
the sound fields created by the riser, from intense tone to much quieter periodic whistling. 
Under this mitigation, a residual fluctuation was measured on both the sound field inside the 
pipe and the flow velocity at its entry. By eliminating the low frequency forcing term on both 
signals and by correlating them, we have observed the maximum correlation for a propagation 
time of 0.007 s. This time is very close to that necessary for a wave to propagate from the 
entry to the exit at the measured sound celerity of 300 m/s. This is an obvious proof that the 
noise source is at the entry of the pipe. We have also observed is that the signal is made of 
quasi mono frequency packet wave and that each one is made of a set of shorter packets each 
separated from the previous and followed ones by a time of about 0.014 s (i.e. twice the flying 
time to the pipe exit), each of it having an intensity increasing until it reaches a maximum and 
decreasing after that maximum. The explanation is that a small monochromatic acoustic 
perturbation is emitted at the entry by the flow-cavity interaction, propagates toward the exit 
end, at an apparent velocity of about 300 m/s (taking 0.007 s to reach the exit), reflects and 
back propagates to the entry, reflects again and increases in intensity by coupling with the 
entry source, and so on, until the entry source vanishes because of the flow velocity 
mitigation. After that, the wave packet continues to reflect at both ends of the riser, but loses 
part of its energy by sound radiation and then decreases in amplitude  
 
This observation has not only confirmed that the origin of the riser whistling lies close to its 
entry but also allows better mitigation by controlling the low-frequency acoustic field to limit 
the amplification by wave superposition of the various reflected wave packets. 
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